Here we describe a two-stepped photobiotin-based procedure to enrich a target (canine retinal) cDNA library for tissue specific clones without removing those containing repetitive (SINE) elements, despite the presence of these elements in the driver population. In a first hybridization excess SINE elements were hybridized to a driver (canine cerebellar) cDNA. In a second hybridization target cDNA was added to this reaction. The resulting cDNA library was enriched for retinal specific clones, but contained the same ratio of clones with SINE elements found in the unsubtracted library.
The identification and characterization of tissue-specific genes has enhanced our understanding of many tissues. Subtracted tissue specific cDNA libraries, made by using a driver cDNA population to hybridize to the target cDNA and retaining non-hybridizing clones, are a frequent source of such genes. Such subtracted libraries are often not fully representative because tissue specific, protein coding cDNAs from the target library are removed when they contain a repetitive element shared by cDNAs in the driver population. SINE elements are widely dispersed throughout the canine genome (1) . From our previous screen of an unsubtracted canine retinal cDNA library, SINE elements were found in ∼15-20% of total clone population and included clones encoding a number of important retinal genes involved in phototransduction cascade. The elements are equally common in cDNAs from other cell types including cerebellar cDNA. In order to avoid loss of retinal cDNAs containing SINE during subtractive hybridization, we designed a two step hybridization to retain SINE element containing clones.
Total RNA from canine retina (target) and canine cerebellum (driver) was isolated using a guanidinium thiocyanate/CsCl gradient centrifugation method (2) . Poly A + RNA was purified by oligo-d(T)-cellulose chromatography (Pharmacia). Starting from poly A + RNA, the non-directional cDNA libraries from canine retina (target) and canine cerebellum (driver) were constructed into EcoRI pre-digested λ phage Zap II vectors using a cDNA synthesis kit (Stratagene). The method uses single-stranded (ss) phagemids with non-directional cDNA inserts as both target and driver for subtraction ( Fig. 1) . In vivo excision of phagemids containing the cDNA inserts was performed and phagemid DNAs were amplified from both libraries. Single stranded DNA from cerebellum library was biotinylated with 1 µg/µl Photoprobe Biotin (Vector Laboratories) (3). We used 7.2-fold molar excess of canine SINE elements over biotinylated driver cDNA giving ∼40-fold excess over SINE elements in the driver cDNA during the first step of hybridization and 10-fold mass excess of biotinylated driver cDNA over non-biotinylated target cDNA during the second step. Twenty five µg of SINE elements (160 bp in length) was co-ethanol precipitated with 50 µg of biotinylated ss cerebellum cDNA, 5 µg poly(A) (Pharmacia), 5 µg poly(C) (Pharmacia), dissolved in 20 µl HE buffer (10 mM HEPES, pH 7.5, 1 mM EDTA), then added to 20 µl of 2× hybridization buffer (2× = 1.5 M NaCl, 50 mM HEPES, pH 7.5, 10 mM EDTA, 0.2% SDS). One drop of mineral oil was added onto the hybridization mixture. The mixture was boiled for 1 min and then incubated at 65_C for 1 h followed by adding 5 µg of non-biotinylated ss retinal cDNA into the aqueous phase of the mixture. The hybridization mixture was incubated at 65_C for a further 20 h. After hybridization, the mixture was recovered from mineral oil and incubated with rehydrated 250 mg Vectrex-Avidin (Vector Laboratories) at room temperature for 30 min. Following microcentrifugation and three washes of the Vectrex-Avidin matrix with binding buffer (100 mM Tris-HCl, pH 7.5, 150 mM NaCl), supernatants containing non-biotinylated cDNA were combined, ethanol precipitated, and resuspended in 10 µl sterile distilled water. The subtracted ss DNA was converted to ds DNA using M13 reverse primer and Klenow DNA polymerase prior to transfection into host cells (4) . An aliquot of ds DNA was used to electrotransform Escherichia coli XL1 blue cells (Bio-Rad Gene Pulser/Pulse Controller). Approximately 5000 clones were found in 1/60 of whole subtracted library after electrotransformation. One thousand random colonies from the subtracted library were picked into 96-well microtiter plates containing ampicillin-LB-glycerol and also characterized by differential colony hybridization (5) probed with retinal total cDNA and cerebellar cDNA, respectively. Prior to the subtraction steps, in a screen of 1800 cDNA clones, 0.8% of clones hybridized exclusively to a total retinal cDNA probe and not to a cerebellar probe, whilst 11.1% hybridized to both probes or only to the cerebellar probe. In contrast, in the subtracted library 6.0% of clones hybridized only, or very predominantly, to the retinal cDNA probe, whilst 1.9% hybridized to both retinal cDNA *To whom correspondence should be addressed. Tel: +44 1223 337648; Fax: +44 1223 337610; Email: ctl20@cam.ac.uk and cerebellar cDNA or to cerebellar cDNA alone. In these screens, using whole cDNA populations from each tissue as probes, only clones containing cDNAs which represent abundant or moderately abundant transcripts are detected. The average size of cDNA inserts of retina-specific clones was 1.6 kb, ranged from 500 to >4000 bp. We sequenced 60 retina-specific clones from both ends and compared the sequences with SINE element and all other sequences in GenBank using BLAST and FASTA search programs. Eleven out of the 60 clones (18%) contain SINE elements based on the search. The initial result proves that we have successfully retained the SINE elements after the novel two step subtractive hybridization. Both subtraction of the cDNA library and retention of SINE elements in the subtracted retinal library were achieved by this method. The method represents a useful and simple example for studying differentially expressed genes of interest containing dispersed repetitive elements by means of subtractive hybridization.
